using organ-cultured donor corneas and to identify preoperative risk factors, which may influence the event of graft failure.
P
enetrating keratoplasty is still the most common corneal transplantation procedure. In comparison with other tissue transplantation procedures, penetrating keratoplasties have a high success rate because of the avascularity of the cornea and the immune privilege in the anterior chamber of the eye. 1, 2 Nonetheless, graft failure may occur in the immediate postoperative period or many years after corneal transplantation. Because the outcome of corneal transplantation is dependent on multiple factors, various studies have identified both preoperative and postoperative risk factors for graft failure. [3] [4] [5] [6] Since its introduction by Zirm in 1905, 7 the number of penetrating keratoplasties has raised increasingly. Every year, 4000 to 5000 penetrating keratoplasties are performed in Germany 8 and up to 100,000 corneal transplantation worldwide. 9, 10 The availability of such a high number of corneal transplants can only be achieved in cooperation with eye banks, which are responsible for the acquisition, storage, and allocation of corneal transplants. The eye bank of the University Eye Hospital, Ludwig-Maximilians-University, Munich, Germany, was founded in 1999 and provided more than 1000 corneal transplants between 1999 and 2011. Since 1999, organ-cultured media have been exclusively used to store donor corneas in our eye bank. In organ culture preservation, donor corneas are stored in an incubator at 30 to 37°C. The donor corneas are placed in tissue culture medium supplemented with fetal calf serum, antibiotics, and antimycotics. In contrast to the hypothermic storage preservation, which only allows the corneas to be stored for up to 2 weeks, organ culture offers a longer storage time for up to 4 weeks.
Since the foundation of our eye bank more than 10 years ago, no studies have yet been conducted to evaluate the outcome of penetrating keratoplasties with the organ-cultured donor corneas from our eye bank. For this reason, we investigated the outcome of penetrating keratoplasties with donor corneas of our eye bank and analyzed the risk factors for graft failure among our patient population. In this study, we concentrated on potential preoperative risk factors including donor risk factors and preoperative risk factors of the recipients. Knowledge about the preoperative risk factors for graft failure in penetrating keratoplasties may provide a better preoperative assessment of the surgeon and improved education of the patients about individual risks for their forthcoming penetrating keratoplasty.
ethical standards laid down in the 1964 Declaration of Helsinki and was approved by the local ethics committee. Of the total 1030 medical records, which were reviewed, only 377 medical records documenting a follow-up period of at least 1 year were included into this study. The follow-up period was defined as the period between the day of surgery and the day when graft failure was diagnosed. In case of nonfailure, the follow-up period was the period between the day of surgery and the last documented follow-up visit. Every patient was included in this study for only 1 time. In case a patient received penetrating keratoplasties in both eyes, only the first operated eye was included.
Follow-up data were collected from the following time points: at least 1 month after surgery, 3 months after surgery, and 1 year after surgery. The exclusion criteria were patients with nonpenetrating forms of keratoplasty and patients with a follow-up of less than 1 year. The following data were collected from the medical records: demographic data (age, gender), ocular history (indication for surgery, corneal edema, corneal vascularization, anterior synechia, lens status, preoperative history of ocular diseases, previous eye surgeries), and history of systemic diseases. All penetrating keratoplasties were performed by the 3 most experienced surgeons of our hospital during this 10-year study period.
Since the foundation of the eye bank of the LudwigMaximilians-University, Munich, Germany, in 1999, only organ-cultured donor corneas were used for all penetrating keratoplasties. All corneal tissues were recovered by enucleation of the whole eye, stored in organ culture at 37°C, and had an endothelial cell density of at least 2000 cells per square millimeter before transplantation.
Data concerning donor-related risk factors were collected in the eye bank and included donor age, death to enucleation time, storage time, endothelial cell density, and assessment of clarity and rigidity of the donor cornea by the surgeon. For the assessment of clarity of the donor cornea, the surgeon was asked to set the answer on a 5 cm horizontal line with 0 cm representing "clear" and 5 cm representing "blurred." For the assessment of rigidity, 0 cm represented "rigid" and 5 cm represented "soft." The clarity and rigidity of the cornea should describe the surgeon's opinion of the condition of the cornea before surgery.
Statistical analyses were conducted with the IBM SPSS Statistics Version 21.0 (IBM SPSS, Armonk, NY). Descriptive statistics were used for the calculation of mean values and standard deviations. Cox univariate regression analyses were conducted for each variable. Graft failure was the primary endpoint. Graft failure was defined as an existing graft, which required a repeat keratoplasty or became irreversibly edematous and opaque with an irremediable loss of clarity. Variables with P # 0.01 were further tested in the Cox multivariate regression analysis with a backward selection procedure to identify potential risk factors for graft failure. The effect of each variable was quantified by hazard ratio (HR). Correlations between variables were examined by Pearson linear regression analysis. Chi-square tests and Fisher exact tests were performed for analyses of categorical variables. P , 0.05 was regarded as statistically significant.
RESULTS

Donor-Related Risk Factors for Graft Failure
The mean age of all donors was 44.6 6 16.4 years, whereas the mean donor age for graft failure was 49.6 6 16.6 years, and the mean donor age for non-graft failure was 42.8 6 16.2 years. Based on our analyses, increasing donor age was significantly associated with graft failure (HR = 1.02, P , 0.001). Besides that, a lower endothelial cell density was also a significant factor for graft failure (HR = 0.99, P = 0.004). There was no significant difference in the influence on graft failure between endothelial cell densities #3000 cells per square millimeter and .3000 cells per square millimeter. Because donor age and endothelial cell density had a highly significant negative association (Pearson correlation, P , 0.001, r = 20.382), a multivariate analysis of these 2 correlating variables was not performed. In contrast, death to enucleation time and storage time were found to be nonsignificant. Besides that, the surgeons' assessment of the donor corneas in terms of clarity and rigidity was also not a significant factor for graft failure (Table 1) .
Demographic and Baseline Characteristics
In total, 377 patients with a penetrating keratoplasty with organ-cultured donor corneas from our eye bank were included in this study during the period 2001 to 2011. Of them, 100 patients (26.5%) experienced a graft failure. The (Tables 2 and 3 ). The most common indications among the 277 non-graft failure patients were keratoconus (98 patients, 35.4%), Fuchs endothelial dystrophy (33 patients, 11.9%) and bullous keratopathy (29 patients, 10.5%).
High-Risk Keratoplasties
According to the literature, there are various pathologies and diseases that have previously been categorized as risk factors for high-risk keratoplasties including corneal vascularization, repeat keratoplasty, emergency penetrating keratoplasty, limbal keratoplasty, severe ocular surface disease, herpetic keratitis, acanthamoeba keratitis, uncontrolled glaucoma, reduced compliance, and corneal diseases in infants. Among the 377 patients in our study, there were 167 (44.3%) high-risk patients and 210 (55.7%) normal-risk patients. Whereas 77 (46.1%) of the high-risk patients had graft failure, only 23 (11.0%) of the normal-risk patients had graft failure.
In this study, all the mentioned risk factors for high-risk keratoplasties were statistically significantly associated with graft failure except for corneal diseases in infants. In the multivariate analysis, however, a significant association for graft failure was only found for the number of penetrating keratoplasties, emergency penetrating keratoplasty, penetrating limbal-keratoplasty, acanthamoeba keratitis, and uncontrolled glaucoma (Tables 4 and 5 ). 
Preoperative Ocular Conditions
Among the preoperative ocular conditions, corneal edema, status postretinal surgery, pseudophakia, aphakia, and anterior chamber lens were significantly associated with graft failure in the univariate analyses. In the multivariate analysis, preoperative corneal edema and anterior chamber lens were significant risk factors for graft failure (Tables 6 and 7) .
Preoperative Systemic Diseases
Among the preoperative systemic diseases, diabetes mellitus, atopy, rheumatoid arthritis, and other autoimmune diseases were significant factors for graft failure. However, the different forms of atopy, for example, bronchial asthma and atopic dermatitis, did not show significant associations with graft failure rates. In addition, thyroid disease was not significantly associated with graft failure. In the multivariate analysis, diabetes mellitus, atopy, and autoimmune diseases showed significant associations with graft failure (Tables 8 and 9 ).
DISCUSSION
Multiple factors may influence the outcome of corneal transplantation. Risk factors concerning the donor corneas may depend on the way donor corneas were processed, the demographic data of the donors including age and death to enucleation time, or the storage time of organ-cultured donor corneas. Among the donor-related risk factors, only the donor age (HR = 1.02; P , 0.001) and the endothelial cell density (HR = 0.99; P = 0.004) were significantly associated with graft failure in our study. Our statistical analyses by Pearson linear regression demonstrated that the donor age also had a highly significant negative correlation with the endothelial cell density (P , 0.001, r = 20.382). This means that increasing donor age is significantly associated with loss of endothelial cell density. Previous studies have shown that the corneal endothelial cell density, rather than the donor age, is the determinant factor for long-term graft survival. 11 In practical terms, it may be concluded that the evaluation of the quality of the donor cornea including the endothelial cell density has a greater importance for the graft outcome than assessing the donor age alone. 12 Our results were consistent with the results of the Cox multivariate regression analysis by Williams et al. 13 The Cornea Donor Study Investigator Group 12 also demonstrated no significant influence of donor age on the 5-year survival rate of corneal transplants. Therefore, it was concluded that corneas with adequate endothelial cell densities from donors up to 75 years of age were suitable for transplantation. Other donor cornea characteristics such as death to enucleation time, storage time, or the surgeons' assessment of the clarity or rigidity of donor cornea were not significantly associated with graft failure. These results were in accordance with previous studies, which also did not find any association between donor cornea characteristics and graft failure. 4, 14 This lacking association may be attributed to standardized eye bank procedures including donor screening, tissue processing, and corneal graft evaluation before keratoplasty, which have been implemented throughout the world. It also confirms the validity of organ culture, a method that has been used as an established preservation technique for donor corneas since 1976. 15 Besides these few donor-related risk factors, the clinical outcome of corneal grafts is mostly determined by the preoperative factors of the recipient. We did not find any significant association between graft failure and the patients' demographic characteristics except for the patient age. This observation may be explained by the fact that the endothelial cell density decreases with increasing age of the patient. Therefore, a higher number of graft failures in elderly patients may be in part a resultant of their decreased endothelial cell density in the remaining corneal bed with age. 16 In contrast to our study, Sugar et al 5 did not find any significant association between the patient age and graft failure neither in the univariate analysis nor in the multivariate analysis. They only included patients with moderate-risk conditions in their analyses, whereas our study included patients with rather highrisk corneal conditions or conditions of multiple confounding diseases.
Among the preoperative indications for penetrating keratoplasties, infectious keratitis, imminent or acute perforation of noninfectious corneal ulceration, preoperative graft failure, chemical burn, trauma, and glaucoma-associated corneal decompensation were significant risk factors for graft failure in the multivariate analyses. These indications are typical for high-risk keratoplasties. [17] [18] [19] [20] The only graft indication for high-risk keratoplasties, which was not significantly associated with graft failure in our study, was pediatric keratoplasty. The reason for this exception may be the low number of grafts in infants among our study population, an intensive and effective postoperative treatment in our university setting, or graft failure after the time points analyzed for this study.
Another ocular condition, which may determine the risk of graft failure, is the preoperative lens status of the patient. In comparison with phakic eyes, the risk of graft failure is significantly increased in eyes with anterior chamber lens implantation (HR = 3.61, P = 0.006), whereas pseudophakic and aphakic eyes had no increased risk for graft failure. In accordance with our results, Sugar et al 5 found that the presence of an anterior chamber lens led to a 2-fold higher risk of graft failure than the presence of a posterior chamber lens after corneal transplantation. Besides that, Yamagami et al, 21 Inoue et al, 22 and Fasolo et al 3 detected a higher risk for graft failure also among pseudophakic and aphakic eyes. Interestingly, also preoperative corneal edema of any origin was shown to be a risk factor in both the univariate and multivariate analyses (HR = 2.02; P = 0.004). Preoperative corneal edema is a serious obstacle in assessing the preoperative status of the eye. Vail et al 23 also found that preoperative corneal edema is associated with a significantly higher risk of graft failure. These results may help us to assess the graft outcome by an aspect of the clinical corneal presentation independent of the indication.
Among the preoperative accompanying systemic diseases, diabetes mellitus, atopy, and autoimmune diseases were significantly associated with graft failure. These observations were not surprising given that atopic patients are at a greater risk for ocular inflammation due the release of inflammatory mediators. 24 Price et al 25 also identified diabetes mellitus as an important risk factor for graft failure, which may be related to diabetic nerve fiber degeneration in the cornea. 26 However, Sugar et al 5 did not find any significant association between diabetes mellitus and graft failure, but they also excluded eyes with high or very low risk for graft failure.
There are several limitations of this study, which need to be addressed: On the one hand, 1 exclusion criterion is a short follow-up period of less than 1 year. Therefore, a selection bias could not be ruled out. Furthermore, the study design may be biased by excluding patients with nonpenetrating forms of keratoplasties such as Descemet stripping automated endothelial keratoplasty. These patients were excluded because a follow-up period of at least 1 year could not be obtained at the time when this study was conducted. On the other hand, the study included a large proportion of patients with keratoconus (27%), who are known to have a low incidence of graft failure. This fact must be taken into account when comparing with studies that excluded patients with keratoconus.
In conclusion, this study demonstrated that both donorrelated factors and recipient-related preoperative factors might influence the risk of graft failure. Our analyses included the evaluation of corneal graft outcomes with organ-cultured donor corneas during a 10-year period at our University Eye Hospital, Munich, Germany. The knowledge about potential risk factors for graft failure may help us to better assess the prognosis of corneal transplantation especially in a diverse patient population such as in our university setting. 
